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[57] ABSTRACT 
A load sensing control system for a hydraulic machine 
sets a variable target differential pressure between a 
delivery pump pressure and a load pressure of an actua 
tor. A control factor is determined that becomes larger 
as the deviation between the target differential pressure 
and the actual differential pressure is increased, and that 
becomes smaller as the differential pressure deviation is 
decreased. The control factor also becomes larger as the 
target differential pressure becomes smaller. The target 
displacement volume for the hydraulic pump is based 
on the differential pressure deviation, which is calcu 
lated from the target differential pressure and the con 
trol factor. 

11 Claims, 16 Drawing Sheets 

l7 ‘I9 I FROM OTHER ACTUATORS 
‘A a" l0 AP 7 

l6 PRIME u u g 

/ MOVER 6 CONTROL 
UNIT 

18 F 8 @ "' 
1| __, 

Nr 





US. Patent Feb. 15, 1994 Sheet 2 of 16 5,285,642 

Pl. 
DIFFERENTIAL { 
PRESSURE SENSOR : 

L 11 1/ )\ l : A’ @ 

SWASH PLATE. 6 f ' 

POSITION SENSOR \_/" 

"ad-1w 



US. Patent Feb. 15, 1994 Sheet 3 of ‘16 5,285,642 

GOVERNOR 
DIFFERENTIAL / ANGLE SENSOR _ 
PRESSURE " " " 1 

SENSOR l 57b ' 57d :_ 
5 ) ; CPU RAM 
\ AP A 

" SOLENOID 

l8 ' VALVES 
w’ w l A/ /__ . 

I 0 \‘ Q79 89 

‘ ' 72: V F l 

' ROM l/O ; 8h 

SWASH) 37h l \ 
PLATE < 5 _ —»4z__‘ 
POSITION 7C 75’ 
SENSOR -- __ __ 



US. Patent Feb. 15, 1994 Sheet 4 of 16 5,285,642 

FIG. 4 

( START ) 

READ STATUS VARIABLES '00 
(AP, E), Nr) N 

CALCULATE DIFFERENTIAL 
PRESSURE TARGET VALUE NI '0 
APO = f|(Nr) 

CALCULATE DIFFERENTTAL 
PRESSURE DEVIATION AMPRIZO 
AMP) = APo - AP 

T 
CALCULATE CONTROL ‘3O 
FACTOR Ki N 

V 
CALCULATE SWASH PLATE 
TARGET POSITION OF P\_,I4O 
HYDRAULIC PUMP 

T 

CONTROL SWASH PLATE 
POSITION OF HYDRAULIC “I50 
PUMP 

QRETURN TO START) 



US. Patent Feb. 15, 1994 Sheet 5 of 16 5,285,642 

_, I 
S 
E APomox 
ME I 
E‘ ' 
aw ' 
S I I- I :0 

$0‘) I 
0:“1 I 
3% I - 

. v O Nrmox 

RNEVOLUTION r 

a FIG._? 
<1 
X 

‘5 
P 
o 

E 
o I 
g I 
>' I 
LL 
5 I 
O I 
E I 

O APomox 

TARGET DIFFERENTIAL 
PK; 8 PRESSURE APO 

MODIFYING FACTOR Kr 

0 Al A2 r 

MODIFIED DIFFERENTIAL * 
PRESSURE DEVIATION IAMP )I 



US. Patent Feb. 15,1994 Sheet 6 0f 16 5,285,642 

FIG. 6 

(FROM STEP I203 

CALCULATE DIFFERENTIAL 
PRESSURE DEVIATION "\13! 
MODIFYING FACTOR 
KAP= f2( 4P0) 

MODIFY DIFFERENTIAL -’\_, I32 
PRESSURE DEVIATION 
A(AP)*= KAP XAIAP) 

CALCULATE MODIFYING 
FACTOR Kr * ”'\l33 
Kr = f3(AIAP) ) 

CALCULATE CONTROL N I34 
FACTOR Ki 
KI = Kr x Kio 

I? TO STEPI4O 



US. Patent Feb. 15, 1994 

FIG. 9 

( FROM STEP I30 ) 

Sheet 7 of 16 

»- I40 
5 

I 
CALCULATE SWASH PLATE 
TARGET POSITION 
INCREMENT A®AP 
A®AP= Ki XA(AP) 

l 
CALCULATE SWASH PLATE 
TARGET POSITION @o J42 

( TO STEP I50 > 

5,285,642 



US. Patent Feb. 15, 1994 Sheet 8 of 16 5,285,642 

FIG. IO 

( FROM STEP |4o ) A50 

' <56 SI55 S154 
TuRN OFF SOLENOID TuRN oN SOLENOID’ TLRN OFF SOLENOID 
VALVE 89 VALVE 89 VALVE 8g 

TURN oN SOLENOID mm on SOLENOID TuRN OFF SOLENOID , 
VALVE 8h vALvg an I VALVE en 

T! RETURN TO START 



US. Patent Feb. 15,1994 Sheet 9 of 16 5,285,642 

2 

@ON mow 

cm? 0 

+11 
(L 
w 

O_N 

NON\, 

% momzww mswz< mozmwgw 
52“ 

m1 



US. Patent Feb. 15, 1994 Sheet 10 of 16 5,285,642 

FIG. l2 

AMP) 

Ki Ki , 
APO : 

SMALL 

|A(AP)| 

8 

APO 



US. Patent Feb. 15, 1994 Sheet 11 of 16 5,285,642 

FIG. I3 

I 

_ '_ _ __/' \Ki CONSTANT 

- k - i .. 

‘Kl CONSTANT 

t 
fKi = Kio X Kr(A(AP)*) 

4/ 

~‘Ki CONSTANT 







US. Patent Feb. 15, 1994 Sheet 14 of 16 5,285,642 

FIG. l6 

A(AP) Ki SMALL 

Kimoxl ~‘-- 

APO KIIT'IOXZ I 

:A(AP)moxl 
l A ( APH 







5,285,642 
I 

LOAD SENSING CONTROL SYSTEM FOR 
HYDRAULIC MACHINE 

TECHNICAL FIELD 

The present invention relates to a control system for 
a hydraulic pump in a hydraulic drive circuit for use in 
hydraulic machines such as hydraulic excavators and 
cranes, and more particularly to a control system for a 
hydraulic pump in a hydraulic drive circuit of load 
sensing control type which controls a pump delivery 
rate in such a manner as to hold the delivery pressure of 
the hydraulic pump higher by a ?xed value than the 
load pressure of a hydraulic actuator. 

BACKGROUND ART 

Hydraulic drive circuits for use in hydraulic ma 
chines such as hydraulic excavators and cranes each 
comprise at least one hydraulic pump, at least one hy 
draulic actuator driven by a hydraulic ?uid delivered 
from the hydraulic pump, and a ?ow control valve 
connected between the hydraulic pump and the actua 
tor for controlling a ?ow rate of the hydraulic ?uid 
supplied to the actuator. It is known that some of those 
hydraulic drive circuits employ a technique called load 
sensing control (LS control) for controlling the deliv 
ery rate of the hydraulic pump. The load sensing con 
trol is to control the delivery rate of the hydraulic pump 
such that a delivery pressure of the hydraulic pump is 
held higher by a ?xed value than a load pressure of the 
hydraulic actuator. This causes the delivery rate of the 
hydraulic pump to be controlled dependent on the load 
pressure of the hydraulic actuator, and hence permits 
economic operation. 

Meanwhile, the load sensing control is carried out by 
detecting a differential pressure (LS differential pres 
sure) between the delivery pressure and the load pres 
sure, and controlling the displacement volume of the 
hydraulic pump, or the position (tilting amount) of a 
swash plate in the case of a swash plate pump, in re 
sponse to a deviation between the LS differential pres 
sure and a differential pressure target value. Conven 
tionally, the detection of the differential pressure and 
the control of the tilting amount of the swash plate have 
usually been carried out in a hydraulic manner as dis 
closed in JP, A, 60-11706, for example. This conven 
tional arrangement will brie?y be described below. 
A pump control system disclosed in JP, A, 60-11706 

comprises a control valve having one end subjected to 
the delivery pressure of a hydraulic pump and the other 
end subjected to both the maximum load pressure 
among a plurality of actuators and the urging force of a 
spring, and a cylinder unit operation of which is con 
trolled by a hydraulic ?uid passing through the control 
valve for regulating the swash plate position of the 
hydraulic pump. The spring at one end of the control 
valve is to set a target value of the LS differential pres 
sure. Depending on the deviation occurring between 
the LS differential pressure and the target value thereof, 
the control valve is driven and the cylinder unit is oper 
ated to regulate the swash plate position, whereby the 
pump delivery rate is controlled so that the LS differen 
tial pressure is held at the target value. The cylinder 
unit has a spring built therein to apply an urging force in 
opposite relation to the direction in which the cylinder 
unit is driven upon in?ow of the hydraulic ?uid. 
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However, the above conventional control system for 

the hydraulic pump has had the following problem. 
In the conventional pump control system, the tilting 

speed of a swash plate of the hydraulic pump is deter 
mined dependent on the ?ow rate of the hydraulic ?uid 
?owing into the cylinder unit, while that ?ow rate of 
the hydraulic ?uid is determined dependent on both an 
opening, i.e., a position, of the control valve and setting 
of the spring in the cylinder unit and, in turn, the posi 
tion of the control valve is determined by the relation 
ship between the urging force of the LS differential 
pressure and the spring force for setting the target 
value. Here, the spring of the control valve and the 
spring of the cylinder unit each have a ?xed spring 
constant. Accordingly, a control gain for the tilting 
speed of the swash plate dependent on the deviation 
between the LS differential pressure and the target 
value thereof is always constant. The control gain, i.e., 
the spring constants of the two springs, are set in such a 
range that change in the pump delivery pressure will 
not cause hunting and the pump is kept from coming 
into disablement of control on account of change in the 
delivery rate upon change in the swash plate position. 

In the LS control, the delivery pressure of the hy 
draulic pump is determined dependent on a difference 
between the ?ow rate of the hydraulic ?uid ?owing 
into a line, extending from the hydraulic pump to the 
?ow control valve, and the ?ow rate of the hydraulic 
?uid ?owing out of the line, as well as a line volume 
into which the delivered hydraulic ?uid is allowed to 
?ow. Therefore, when the operation (input) amount of 
the ?ow control valve (i.e., the demanded ?ow rate) is 
small, the opening of the ?ow control valve is so re 
duced that the small line volume between the hydraulic 
pump and the flow control valve plays a predominant 
factor. As a result, the delivery pressure is largely var 
ied even with a slight change in the ?ow rate upon 
change in the swash plate position. On the other hand, 
when the operation amount of the flow control valve is 
increased to enlarge the opening thereof, the large line 
volume between the pump and an actuator now takes 
part in the pressure change, whereby change in the 
delivery pressure upon change in the delivery rate is 
reduced. 

Accordingly, in order to reliably perform the LS 
control over a range of the entire operation amount 
(opening) of the ?ow control valve without causing 
hunting, the above-mentioned control gain, i.e., the 
spring constants of the two springs, are set to a rela 
tively small value such that a tilting speed of the swash 
plate to prevent the pressure change from hunting at the 
small opening of the ?ow control valve is provided. 
Meanwhile, when a control lever is operated, the 

operator tends to operate the control lever at a speed 
corresponding to the speed change demanded for the 
actuator. With the operating speed of the control lever 
being small, the difference between the demanded ?ow 
rate of the ?ow control valve and the delivery rate of 
the hydraulic pump is small, and so is a deviation be 
tween a differential pressure signal, determined from 
the pump delivery pressure and the maximum load 
pressure, and the target differential pressure set by the 
spring. In this case, because the operating speed of the 
control lever is small, the control gain set by the two 
springs as mentioned above can provide sufficient 
change in the tilting speed of the swash plate, i.e., the 
suf?cient delivery rate of the hydraulic pump, to realize 
demanded speed change of the actuator. 
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However, when the operating speed of the control 
lever is large, i.e., when the control lever is operated 
abruptly, there occurs a large difference between the 
demanded ?ow rate of the ?ow control valve and the 
delivery rate of the hydraulic pump, which also in 
creases the deviation between the differential pressure 
signal, determined from the pump delivery pressure and 
the maximum load pressure, and the target differential 
pressure set by the spring. In this case, with the control 
gain set by the two springs as mentioned above, the 
tilting speed of the swash plate, i.e., change in the deliv 
ery rate of the hydraulic pump, is limited and becomes 
insuf?cient. Accordingly, the demanded speed change 
of the actuator cannot be realized, causing the operator 
to feel that the actuator is too slow in action. 
To solve the above problem, therefore, the present 

inventors have proposed in International Application 
No. PCT/JP90/00962 (International Application Date: 
Jul. 27, 1990; International Laid-Open No. 
WO9l/02l67; International Laid-Open Date: Feb. 21, 
1991) a control system for a hydraulic pump character 
ized in comprising ?rst means for determining, based on 
a delivery pressure of a hydraulic pump and a maximum 
load pressure among a plurality of actuators, a target 
displacement volume (a tilting amount of a swash plate) 
of the hydraulic pump to reduce a differential pressure 
deviation between the above differential pressure and a 
preset target differential pressure, second means for 
determining a control gain of the ?rst means to becomes 
larger with the differential pressure deviation increasing 
and smaller with the differential pressure deviation 
decreasing, and third means for controlling displace 
ment volume varying means (swash plate) of the hy 
draulic pump so that the displacement volume of the 
hydraulic pump is matched with the target displace 
ment volume determined by the ?rst means. 
With the above arrangement, in a range where the 

operating speed of the control lever is small and so is the 
differential pressure deviation, the control gain deter 
mined by the second means also becomes small to re 
duce the tilting speed of the swash plate. This enables 
stable control in which there occurs no hunting due to 
abrupt change in the delivery pressure. On the other 
hand, when the operating speed of the control lever is 
large, i.e., when the control lever is operated abruptly 
and the differential pressure deviation is increased, the 
control gain determined by the second means also be 
comes large to raise the tilting speed of the swash plate, 
thus enabling a response that is not slow but prompt. By 
so doing, the delivery pressure of the hydraulic pump 
can always be controlled in an optimum way regardless 
of the operating speed of the control lever. 
The present invention is intended to further improve 

the above prior application and solve the problem en 
countered in the case of making the target differential 
pressure variable. 
More speci?cally, while the target differential pres 

sure between the pump delivery pressure and the maxi 
mum load pressure is usually set constant in the load 
sensing control, it has been proposed to make the target 
differential pressure variable for various purposes. One 
example is disclosed in JP, A, 2-76904. In this proposed 
technique, the target differential pressure can be 
changed externally for the purpose of facilitating ?ne 
speed operation of an actuator. By setting the target 
differential pressure to a small value, the displacement 
volume of the hydraulic pump is controlled so as to 
keep the small target differential pressure. As a result, 
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4 
since the differential pressure across the ?ow control 
valve also becomes small by being restricted by the 
small target differential pressure, metering characteris 
tics of the ?ow control valve are changed to reduce the 
flow rate of the hydraulic ?uid supplied to the actuator 
and the ?ne speed operation of the actuator can easily 
be realized. 

In the case of making the target differential pressure 
so variable, however, at the small target differential 
pressure, the differential pressure deviation cannot ex 
ceed the target differential pressure and the differential 
pressure deviation is also limited to a small maximum 
value, leading to that when the operating speed of the 
control lever is large, i.e., when the control lever is 
operated abruptly, there can be obtained only a limited 
small differential pressure deviation. Accordingly, even 
if the control gain is set dependent on the differential 
pressure deviation as with the foregoing prior applica 
tion, the obtained control gain is small and the tilting 
speed of the swash plate is so limited that the actuator is 
forced to move slowly. 
An object of the present invention is to provide a 

control system for a hydraulic pump which, when a 
target differential pressure for load sensing control is set 
as a variable value, can perform stable control at a small 
operating speed of the control means without causing 
hunting and achieve a response, not slow but prompt, at 
a large operating speed of the control means, no matter 
what the value of the target differential pressure. 

DISCLOSURE OF THE INVENTION 

To achieve the above object, according to the present 
invention, there is provided a control system for a hy 
draulic pump in a hydraulic drive circuit of load sensing 
control type comprising at least one hydraulic pump of 
displacement volume type, at least one hydraulic actua 
tor driven by a hydraulic ?uid delivered from said hy~ 
draulic pump, and a ?ow control valve connected be 
tween said hydraulic pump and said actuator for con 
trolling a ?ow rate of the hydraulic ?uid supplied to 
said actuator, wherein a target displacement volume is 
determined based on a differential pressure deviation 
between a differential pressure, in turn between a deliv 
ery pressure of said hydraulic pump and a load pressure 
of said actuator, and a target differential pressure is 
determined, and a displacement volume of said hydrau 
lic pump is controlled so that said differential pressure 
between the delivery pressure and the load pressure is 
held at said target differential pressure, said control 
system for a hydraulic pump further comprising ?rst 
means including said target differential pressure set as a 
variable value; second means for determining a control 
factor that becomes larger as said differential pressure 
deviation calculated from said target differential pres 
sure as a variable value is increased, and becomes 
smaller as said differential pressure deviation is de 
creased, and also that becomes large at a relatively small 
value of said differential pressure deviation when said 
target differential pressure is small; and third means for 
determining said target displacement volume based on 
said differential pressure deviation calculated from said 
target differential pressure as a variable value and said 
control factor. 
With the present invention thus arranged, when the 

target differential pressure set by the ?rst means is large, 
an operating speed of control means is small and the 
differential pressure deviation is small. The small con 
trol factor is determined by the second means and thus 
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a change speed of the displacement volume is reduced. 
Therefore, change in the pump delivery pressure be 
comes so small as to enable stable control in which there 
occurs no hunting due to abrupt changes in the pump 
delivery pressure. With the target differential pressure 
being similarly large, when the operating speed of the 
control means is large, i.e., when the control means is 
quickly operated to increase the differential pressure 
deviation, the large control factor is determined by the 
second means and thus the change speed of the displace 
ment volume is increased, thereby enabling a response 
not slow but prompt. Accordingly, the delivery pres 
sure of the hydraulic pump can be always controlled in 
such an optimum manner as to be not slow in response 
and as to not cause no hunting irrespective of the oper 
ating speed of the control means. 
When the small differential pressure is set by the ?rst 

means, the large control factor is determined by the 
second means at a relatively small value of the differen 
tial pressure deviation, whereby even if the differential 
pressure deviation obtained at the large operating speed 
of the control means is reduced corresponding to the 
small target differential pressure, the large control fac 
tor can be obtained. Therefore, the change speed of the 
displacement volume is increased similarly to the case 
of the large target differential pressure, enabling to 
carry out prompt control free from slow change in the 
pump delivery rate. Accordingly, the pump delivery 
pressure can be optimumly controlled in such a manner 
as to be not slow in response and so as to not cause 
hunting irrespective of not only the operating speed of 
the control means but also the magnitude of the target 
differential pressure as a variable value. 

Preferably, said second means comprises fourth 
means for modifying a change width of said differential 
pressure deviation to be enlarged when said target dif 
ferential pressure is small, and ?fth means for determin 
ing said control factor based on the modi?ed differential 
pressure deviation. Said fourth means preferably com 
prises means for calculating a ?rst modifying factor that 
becomes larger as said target differential pressure is 
decreased, and means for multiplying said differential 
pressure deviation by said ?rst modifying factor to 
modify said differential pressure deviation. Said ?fth 
means preferably comprises means for calculating, from 
said modi?ed differential pressure deviation, a second 
modifying factor that becomes larger as said modi?ed 
differential pressure deviation is increased, and becomes 
smaller as said modi?ed differential pressure deviation 
is decreased, means including a basic control factor set 
in advance, and means for multiplying said basic control 
factor by said second modifying factor to calculate said 
control factor. 

Further, said second means may comprise means for 
calculating a ?rst modifying factor that becomes larger 
as said target differential pressure is decreased, means 
for calculating, from said differential pressure deviation, 
a second modifying factor that becomes larger as said 
differential pressure deviation is increased, and becomes 
smaller as said differential pressure deviation is de 
creased, and means for multiplying said ?rst modifying 
factor by said second modifying factor to calculate said 
control factor. 

Alternatively, said second means may comprises 
means for calculating a second modifying factor that 
becomes larger as said differential pressure deviation is 
increased, and becomes smaller as said differential pres 
sure deviation is decreased, and also that becomes large 
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6 
at a relatively small value of said differential pressure 
deviation when said target differential pressure is small, 
means including a basic control factor set in advance, 
and means for multiplying said basic control factor by 
said second modifying factor to calculate said control 
factor. 

Preferably, the control system for the hydraulic 
pump further comprises means for detecting a revolu 
tion speed of a prime mover to drive said hydraulic 
pump, and said ?rst means sets said target differential 
pressure as a value that becomes larger as said detected 
revolution speed is increased, and becomes smaller as 
said detected revolution speed is decreased. 
With such an arrangement, when the operator lowers 

the revolution speed of the prime mover with an inten 
tion of doing ?ne speed operation of the actuator, the 
target differential pressure becomes small with the re 
duced revolution speed of the prime mover. Corre 
spondingly, the differential pressure between the deliv 
ery pressure of the hydraulic pump and the load pres 
sure of the actuator becomes small, and so does the 
differential pressure across the flow control valve. This 
also reduces the ?ow rate of the hydraulic ?uid supplied 
to the actuator, making it possible to facilitate the ?ne 
speed operation corresponding to the operator’s inten 
tion and improve the operability. 

Preferably, the control system for the hydraulic, 
pump further comprises means for detecting a tempera 
ture of the hydraulic ?uid in said hydraulic drive cir 
cuit, and said ?rst means‘ sets said target differential 
pressure as a value that becomes smaller as said detected 
?uid temperature is raised, and becomes larger as said 
detected ?uid temperature is lowered. 
With such an arrangement, since the target differen 

tial pressure becomes large in works under the low-tem 
perature environment, it is possible to prevent a reduc 
tion in the ?ow rate of the hydraulic ?uid supplied to 
the actuator and thus improve the working ef?ciency. 

Preferably, the control system for the hydraulic 
pump further comprises means for outputting a work 
mode signal to designate a work mode of a hydraulic 
machine mounting said hydraulic drive circuit thereon, 
and said ?rst means stores a plurality of different target 
differential pressures respectively corresponding to a 
plurality of work modes and selects the target differen 
tial pressure corresponding to the work mode desig 
nated by said work mode signal. 
With such an arrangement, since the optimum target 

differential pressure is set dependent on the work mode, 
optimum metering characteristics dependent on the 
contents of work can be provided to further improve 
the working ef?ciency. 

Preferably, the control system for the hydraulic 
pump further comprises means for detecting a revolu 
tion speed of a prime mover to drive said hydraulic 
pump, means for detecting a temperature of the hydrau 
lic ?uid in said hydraulic drive circuit, and means for 
outputting a work mode signal to designate a work 
mode of a hydraulic machine mounting said hydraulic 
drive circuit thereon, and said ?rst means comprises 
means for calculating a revolution speed modifying 
factor that becomes larger as said detected revolution 
speed is increased, and becomes smaller as said detected 
revolution speed is decreased, means for calculating a 
?uid temperature modifying factor that becomes 
smaller as said detected ?uid temperature is raised, and 
becomes larger as said detected ?uid temperature is 
lowered, means for storing a plurality of different target 


















